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Abstract—The onset of thermal convection in a translucent inclined porous layer is considered. Attention
is focused on the effects of radiative heat transfer and inclined angle on the critical Rayleigh-Darcy number
and the convection cell size. If we consider the contribution of radiative heat transfer, the basic temperature
profile is non-linear and the thermal convective instability is influenced by the ratio of conduction to radiation
heat flux, the temperatures at the boundary surfaces and radiative parameters such as wall emissivity(€&.),
scattering albedo(w,) and extinction coefficient(B,) as well as the usual Rayleigh-Darcy number. In the present
work, effects of inclination angle and radiative heat transfer on the basic state temperature profile and onset
of convective instability are investigated with the help of linear stability theory employing Darcy’s law and
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the radiative transport equation simplified by the P, approximation. The increased effective thermal conductiv-

ity due to radiation inhibits the onset of convection and causes higher critical Rayleigh-Darcy number and
smaller convection cell size. As the inclination angle increases, the effective buoyancy force decreases and
the heating rate needed to induce convection increases due to the increased flow rate, resulting in larger
critical Rayleigh-Darcy number and smaller critical wave number.
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Fig. 1. Schematic diagram of the system. The boundary
temperature is T, at z=d/2 and T, at z= —d/2.
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Fig. 2. Non-linearity of basic temperature profile T,* with
the ratio of conduction to radiation parameter N
[=k(T,— T.)/{dE(T,,‘ THH.
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zontal).

(v :B*=001, O:B*=0.1, W:B*=1).
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Fig. 9. Effect of extinction coefficient ,* on the critical
Rayleigh-Darcy number and critical wave number.
The ratio of conduction to radiation parameter N
is 0.1 and angle ¢ is O(horizontal). As B,* decreas-
es, the critical Rayleigh-Darcy number decreases
to 4% and as B,* increases, convection cell size
decreases.
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Fig. 10. Basic temperature profile T.* with various scatter-
ing albedo w,. The ratio of conduction to radiation
parameter N is 0.1 and angle ¢ is O(horizontal),
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Fig. 11. Effect of scattering albedo w, on the critical Ray-
leigh-Darcy number and the critical wave number.
The ratio of conduction to radiation parameter
N is 0.1 and angle ¢ is O(horizontal). As the scat-
tering albedo o, increases, the critical Rayleigh-
Darcy number decreases to 4n> and the critical
wave number is 1 in limiting case of w,=1. The
convection cell size becomes larger as the scatter-
ing albedo increases.
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a :wave number

a, :linear anisotropic scattering coefficient

¢ :heat capacity

D :z* directional derivative

d :distance between two plates

G :incident radiation

G* : dimensionless incident radiation(G/46AT*)

g :gravitational acceleration

I, :incident radiation in black body(Planck func-
tion)

1 : x directional unit vector

J  :imaginary number

h* :dimensionless perturbed incident radiation var-
iables

K :permeability

k :effective thermal conductivity

k  :z directional unit vector

N :ratio of conduction to radiation parameter

[= k(T,~T)/d ]

a E<Tn4_T|4)

g :radiative heat flux

R Rayleigh Darcy number] = BKIAT |
Y

s :eigenvalue

T :temperature

T* :dimensionless temperature(T/AT)
AT : temperature difference(T,—T,)

t :time

t* :dimensionless time [tk/(pc)sd?)

: velocity in porous layer

: dimensionless velocity [u(pc)d/k]
: dimensionless perturbed velocity

*

*

u
u
Y

x* z*:nondimensional coordinate(x/d, z/d)
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: fluid thermal diffusivity

B :thermal expansion coefficient
B, :extinction coefficient
,* : dimensionless extinction coefficient(B,-d)
€ :porosity in porous layer
€, :emissivity at wall sides
0* :dimensionless perturbed temperature
u :fluid viscosity
n* :dimensionless perturbed pressure
p :density
o :real part of the eigenvalue s
v :kinematic viscosity
¢ :angle of porous layer from horizon
@ :imaginary part of the eigenvalue s
w, :scattering albedo
Pl
v? ELZ +—az‘,
ax2 azz!
SR}
1 :plate at z=-—d/2
0 :plate at z=d/2
s :stable state
*  :fluid saturated porous layer
f :fluid
m :mean value
AHX}
* . dimensionless value
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